BACKGROUND: Asthma is an obstructive airway disease characterized by airway inflammation. OBJECTIVE: To measure systemic inflammation in asthma patients, and to assess the effect of treatment on systemic inflammation. METHODS: In 30 newly diagnosed non-randomized adult asthma patients we measured systemic inflammation markers (serum high-sensitivity C-reactive protein, total leukocyte count, and erythrocyte sedimentation rate) before and after a 6-week standard treatment with inhaled steroids and inhaled ␤ 2 agonist. The comparison group comprised 20 healthy control subjects. All the subjects were non-smokers. RESULTS: The measured systemic inflammation markers were higher in the asthma patients: high-sensitivity C-reactive protein 4.8 ؎ 6.0 mg/dL vs 1.5 ؎ 1.4 mg/dL, P < .001; total leukocyte count 8,936 ؎ 2,592 cells/L versus 7,741 ؎ 1,924 cells/L, P < .001; erythrocyte sedimentation rate 24.8 ؎ 12.3 mm/h versus 15.3 ؎ 6.5 mm/h, P < .001. In the asthma patients, high-sensitivity C-reactive protein negatively correlated with percent-of-predicted FEV 1 (r ‫؍‬ ؊0. 
Introduction
Asthma is characterized by airway hyper-responsiveness and inflammation that is mediated by various cellular elements and cytokines. The inflammation is both local to the lungs and systemic, [1] [2] [3] and may be a risk factor for cardiovascular comorbidities. 4 Measurements of serum C-reactive protein have suggested low-grade systemic inflammation in several disorders such as cardiovascular diseases, diabetes mellitus, peripheral vascular diseases, and infections. [5] [6] [7] [8] Furthermore, a recent study found an association between elevated serum C-reactive protein and a higher frequency of airway hyper-responsiveness and low FEV 1 among subjects without heart disease, 9 which suggests that systemic inflammation may be associated with respiratory impairment. Another recent epidemiological study found that elevated C-reactive protein correlated significantly with respiratory symptoms and with non-allergic asthma. 2 We also know that inflammation is associated with elevated acute-phase reactants such as total leukocyte count and erythrocyte sedimentation rate. 1 We studied systemic inflammation in asthma patients, and the effect of a standard asthma treatment regimen on systemic inflammation.
Methods
The study was conducted at the out-patient clinic of Vallabhbhai Patel Chest Institute, Delhi University, New Delhi, India, between April 2006 and March 2007. The study was approved by Delhi University's institutional ethics committee, and all subjects gave informed consent.
Population
In our out-patient clinic we recruited 30 newly diagnosed adult asthma patients, diagnosed per the Global Initiative for Asthma guidelines. 10 Twenty healthy, asymptomatic control subjects were recruited from the families of asthma patients by confirming their healthy status with clinical examination, chest radiograph, and pulmonary function tests. All the newly diagnosed asthma patients were either treatment naïve or on rescue inhaler only. We excluded patients who were on medications that can affect inflammation (eg, leukotriene inhibitors, theophylline, or oral steroids), and patients with heart disease, diabetes mellitus, cancer, obesity (body mass index [BMI] Ͼ 30 kg/ m 2 ), and systemic inflammatory disorders (eg, collagen vascular diseases). None of the asthma patients were smokers or had a respiratory tract infection or an asthma exacerbation during the month before enrollment.
Systemic-Inflammation Markers
We measured C-reactive protein, total leukocyte count, and erythrocyte sedimentation rate because of easy availability and ease of use in the local laboratories. Peripheral venous blood samples were centrifuged for 10 min at 1,300 relative-centrifugal-force at 4°C. The sera were stored at Ϫ60°C till analysis. The blood sample were always taken at the same time in the morning, after an overnight fast. Serum C-reactive protein was measured with a highsensitivity automated enzyme-linked immunosorbent assay reader (microplate imunoenzymometric assay, Monobind, Lake Forest, California), with a sensitivity of 0.2 mg/L. Erythrocyte sedimentation rate was measured with the Wintrobe method, and total leukocyte count was via hemocytometer with diluted blood. The total-leukocyte-count differentials were measured via microscopy of peripheral smears.
Pulmonary Function
Pre-bronchodilator spirometry (Benchmark/CPL/Spiro 232, PK Morgan, New Delhi, India) included FEV 1 , forced vital capacity (FVC), FEV 1 /FVC, and forced expiratory flow during the middle half of the FVC maneuver (FEF ). The patients were asked to stop using bronchodilators for 6 hours and oral theophylline for at least 24 hours prior to post-bronchodilator testing. Post-bronchodilator testing was after 200 g of inhaled albuterol. We used the predicted values from Knudson et al. 11 Systemic-inflammation markers and pulmonary function were re-measured after 6 weeks, during which the patients were on our standard asthma treatment.
Standard Asthma Treatment
We included only asthma patients who were not regularly taking inhaled corticosteroids prior to enrollment in the study. After enrolling, the patients were started on 6 weeks of asthma treatment, per the current Global Initiative for Asthma guidelines 10 : inhaled long-acting ␤ 2 agonist and corticosteroid combination (salmeterol 50 -100 g daily and fluticasone 500 -1,000 g daily) and as-needed, rescue dose of inhaled short-acting albuterol. During the treatment period we followed the patients at 2-week intervals, where they were assessed for adherence to therapy, adverse effects, and asthma exacerbations. We excluded patients who had an asthma exacerbation during the treatment period.
Statistical Analysis
Data were analyzed with statistics software (SPSS 18.0, SPSS, Chicago, Illinois), and we report frequencies, percents, and means and standard deviations. Analysis included performing the independent t test, chi-square test, Mann-Whitney U test, and looking at the Pearson correlation coefficients. We used multiple linear regression analysis to assess the variance explained by groups of independent variables. Nonparametric tests were done because the data did not meet the assumptions for parametric tests. P Ͻ .05 was considered significant. Table 1 describes the subjects. Sex, BMI, age, education, and occupation did not significantly differ between the asthma and the control groups. Table 2 shows the pulmonary function test results. Before starting the treatment, pre-bronchodilator FEV 1 , FVC % predicted, and FEF 25-75 were significantly lower in the asthma patients than in the control group. After the 6-week treatment period, the FEV 1 , FVC, and FEF 25-75 difference between the asthma patients and the control subjects was not significant. In the asthma patients, after the 6-week treatment period there was significant improvement in prebronchodilator percent-of-predicted FEV 1 and FEF 25-75 , and a not statistically significant increase in FVC.
Results

Subjects
Pulmonary Function
Systemic-Inflammation Markers
Total leukocyte count, C-reactive protein, and erythrocyte sedimentation rate were significantly lower in the asthma patients after treatment (Table 3) . The Mann-Whitney U test indicated a statistically significant difference between the asthma patients and the control subjects. Assuming the null hypothesis of equal distribution of inflammation markers, due to a P value of Ͼ .05 we concluded that the distribution of C-reactive protein (P ϭ .97), erythrocyte sedimentation rate (P ϭ .72), and total leukocyte count (P ϭ .10) was not significantly different between the post-treatment asthma group and the control group. The inflammation markers had significantly decreased in the post-treatment asthma group.
Relationship Between Systemic-Inflammation Markers and Other Measurements
In the asthma group, the pre-treatment C-reactive protein and total leukocyte count negatively correlated with percent-of-predicted FEV 1 , FVC, and FEF (Table 4) . Mean erythrocyte sedimentation rate did not correlate with the various other measurements in the asthma patients. BMI significantly correlated with C-reactive protein and total leukocyte count. When taking into account variables that showed a positive correlation in the bivariate analysis, multiple linear regression showed significant correlation of C-reactive protein (r 2 ϭ 0.75) and age (␤ ϭ 0.31, P ϭ .008), body mass index (␤ ϭ 0.99, P ϭ .001), family size (␤ ϭ 0.33, P ϭ .008), and weight (␤ ϭ -0.45, P ϭ .01), whereas erythrocyte sedimentation rate did not significantly correlate with those variables or pulmonary function variables such as percent-of-predicted FEV 1 and FVC. Similarly, total leukocyte count significantly correlated only with weight (␤ ϭ Ϫ0.51, P ϭ .03, r 2 ϭ 0.57) ( Table 5) .
Discussion
This study confirms the earlier findings of background systemic inflammation in patients with asthma. [1] [2] [3] Systemic inflammation decreased significantly after 6 weeks of asthma treatment, although various treatment aspects were not examined. The importance of systemic inflammation in asthma and its effect on comorbidities merit further research.
To minimize confounders, we selected asthma and control groups that did not significantly differ in age, sex, obesity, education, or occupation. These factors have not been taken into account in previous studies of systemic inflammation in asthma. [1] [2] [3] We also correlated the systemic-inflammation markers with various clinical measurements, and found significant negative correlation of the systemic-inflammation markers and FEV 1 , FVC, FEV 1 /FVC, and FEF 25-75 . Takemura et al 3 found similar correlations between C-reactive protein and pulmonary function. This implies that impaired respiratory function is associated with higher background systemic inflammation, but it is not certain whether systemic inflammation does influence pulmonary function. Also it has to be ascertained whether the systemic inflammation in asthma is an epi-phenomenon of the pulmonary inflammation. Since C-reactive protein and other acute-phase reactants are affected by various factors including asthma, cardiovascular diseases, diabetes mellitus, and obesity, [12] [13] [14] [15] it is not easy to determine whether a high C-reactive protein is due to systemic inflammation caused by asthma alone. In our study, we carefully excluded patients with diseases known to cause systemic inflammation, and observed the change in systemic inflammation in response to asthma treatment alone, avoiding any other medications that could Ϯ values are mean Ϯ SD. * P via independent t test for asthma-before-treatment group versus control group. † P via independent t test for asthma-after-treatment group versus control group. ‡ P via t test for asthma-before-treatment group versus asthma-after-treatment group. FVC ϭ forced vital capacity. FEF 25-75 ϭ forced expiratory flow during the middle half of the FVC maneuver 
Ϯ values are mean Ϯ SD. * P via paired t test of inflammatory markers before and after treatment.
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RESPIRATORY CARE • JUNE 2011 VOL 56 NO 6have affected inflammation. There was a significant reduction in all 3 markers, which suggests that the standard asthma treatment advised by the current guidelines can decrease systemic inflammation. Many studies have found that obese patients have more severe asthma. Patients, especially women with BMI Ͼ 25 kg/m 2 , are more susceptible to moderate to severe asthma. 16 Also, obese patients are less likely than the nonobese patients to achieve asthma control with an inhaled corticosteroid or inhaled corticosteroid plus long-acting ␤ 2 agonist. 17 Consistent weight loss in severely obese asthma patients is associated with improved respiratory symptoms and lung function. 18 Our results conform with those observations; we found a significant positive correlation of BMI with C-reactive protein. Other factors that significantly correlated with C-reactive protein were age and family size. On the other hand, erythrocyte sedimentation rate and total leukocyte count did not significantly corre- 19 The sensitivity of these inflammation markers to various factors indicates that C-reactive protein may serve as a better marker than other markers, which will be an area of further research. Our findings clearly point towards vital facts about asthma and its treatment. First, that background systemic inflammation is present in asthma, as it is in other chronic diseases, and second, that the systemic inflammation responds to standard asthma-control measures.
Limitations
The major limitation of our study was its study design. A randomized controlled trial would have eliminated confounding due to demographic factors and further elucidated the effect of different treatment aspects on the systemic-inflammation markers. There can be generalization issues towards the population from which the sample is selected due to the small sample size of the groups, which also reduces the power of analysis. Also, the follow-up duration was not long enough to assess the sustainability of the reduction in systemic-inflammation markers after treatment.
Conclusions
Systemic inflammation in asthma patients correlated with less favorable respiratory function, and decreased in response to standard asthma treatment. Further studies are required to determine the treatment needed to sustain the inflammation reduction and to determine the importance of systemic inflammation in asthma and overall health status.
